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(57)Abstract: 

PROBLEM TO BE SOLVED: To grow an excellent GaN 
crystal layer almost free from deffects on an SiC 
substrate. 

SOLUTION: A GaN layer is grown on the surface of a 
hydrogen-terminated 6H-SiC (0001) substrate. First, the 
surface of the 6H-SiC (0001) substrate 10 is terminated 
with hydrogen. The substrate is set in an MOCVD device 
and kept at a temperature of 1000° C, and trimethyl 
gallium and ammonia are fed into the MOCVD device 
together with hydrogen carrier gas. By this method, a 
hetero-epitaxially growth of GaN single crystal thin film 
1 1 is attained on the surface 12 of the SiC substrate 10. 
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[KM] S i C*«Lh»c, M&*>&*»&ne>G a N 

. 

Uv GaNiiSSHS, *-f, 6H-Si0(0001)*«l 

0O»Mr**i:J: <9 h-T4o c:o««^M 

OCYD«tf1Elf3(:-b7 KU *Ka**ioooic»;«j* 
U tMS* -y ') 7 if* t&U h 'J * Tib if*) *>bi&tXf 




11 GaNigS 

12 4*B) 

10 SiCS^g 
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ifE*f*±l=3ii* : LfcG aNIt 
fi. . ■ 

TIMES i ce*±i:3B*LfcGaNi*fi, 
DIMES i CO*ffi**;jt*i::J: •) *-f b 

[»*a3] GaNiCfxTAIxGaylnzN (x 70 
+ y+z=K 0£x£l« 0£y£l, O^z^l) 

*JR 2 4 tz 14 3 U|E«cO**fl:»**»lo- .■ - " 

[Mtgi 6 ] v y 3 fcs 
- .IJtrfB3S.«itU3BjKL«:^l OS i Cttit, 

fries i ctt*±K?ejar-Lfcs i m&t, 

mries itta±ic»jftLfc*2*>s.-i c*s B B B t, 20 

Tftrie S . i C*£ B B B ±lzMf& Ltz G a NJ§ 

DIG* 20SiC 0«1S**7K^U J: *» ? - 5 * ^ h S ti 

-^o N Tttrie^ l is i 2<d s i c Ottawa*** a 

[Bf*Jl7] S i G^ B B 8 <7?GM^fflv^ff*Jll -60 
IW*J18I 5 *-f h L*S i Ctt**ffiv»* 

[»*Ji9] s i cm&wmami-s. <o 9- $ *4 v 30 

HAft^&o 

0] G a N*S B B B tC#;iTA l xG ay I nzN 
(x + y + z=l, OSxjSK OSySK OSzS 
1) ffA«rASi-«ffi«i|l9UISttOttAiA«^. 

03 OJ£Uil 0 0/<--fc> h*«T***tt#JR8, 9i 
tzl± 1 0 lCfE«<0^ B B B^«*ffi o 
[fS*«l 2] *<f h L/cS i C& B B B ±IC 40 

imbg a zmitmt. g aNmmiw^f&-ri>xmt, 

ItfEG a N*iUtfc» 6 0 OK£Lh9.0 0 HEWTOftiR 

T-G aNJf fcffMS-tf&IHi:, 

tfrE#ftRG aN»* 9 0 oa^iUiJOMlLAttflfl:* 

IW^JRI 3] Si(001)««O?S^M(C, 3C-SiC(001) 

l»K3C-SiC(00i)±U, S i *ie**->*;wS;ft$-e 
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U9ES i *®U3C-SiC(111) S i CSrxe^ + ytrt 
ft^^ISt **1"&i£ B B B j£:BUrfto 

[SSEOgMfflfclfc"?!] 

[0 0 0 1 J 

v.y a > * - /< -f. k± t it&®)*m*m t ** a s * 

10 0 0 2] 

[fi£*oa«i -> y n >s«±ic, -> y a > * k 
(Wt, s ictie-fo ) ^xe^vtJusftHs 

(Zi^>, IEEE Trans. Electron Devices ED-28, 1 235 (1 98 

[0 0 0 3] • 

[§§BJ3rt f fi?&L±-7 ti"*»H] **9!li» s i CgS 
±tc V S i C t l±&?-5k&.<D&%2> G aN^Oft-frtt* 
*tt * Aft 3 *4 ft S Aft ^fti5 «fc V* <04b*4fe¥«tt 
« Sr ffl v»fc¥*#»**1t * ffifftf 4 £ t * 1 fit) t -r 
4. 

[0 0 0 4] 

*rlBeA±tc»*LfcG a NS i: 4:«x.^#»«:%3fcil 
g£L> S i CS B B 8 livV 

[0 0 0 5] * tzS i Cig B B B ±ICAft£Hi-*¥ig#II 
<±, -IKCA lxGaylnzN (x + y + z = 1 , OS 

[0 0 0 6] ggffif^S!: Ltt, 7K^^-5 h 
L/cS i C^&im^i i><T>X'hh 0 S i CICGaN 
m*T&i&-f2>?5mt LT. h LTtS i C 

*S B B B ±lw. G a <T>WziM < Aft$-^N fOGa^tft? 

Ga-NJ*JJE*iB*U G a N»K±i:, ffiiST- 
G a-N»*»«S-*T, -e<7)mtZ^-SLAiK B B B Yt^->i-S 

[0 0 0 7] ttc\ Si(0Ol)««CDm?£3E!fiK. 3C-SIC 
(001 )?:ilf?4->t«fH4Iii, TS5TE3C-S iC 
(001)±H, S i ^^e^#->^;i/Aft^-^4Xff t, 
UlrfBS i *MU3C-SiC(11l) S i CiUf^vtW 
ft^^r^I^itcJ: 19, SglB^OS i C£> «2^g<7) 
S i C fc <OS;£ft£&&o* tot it & 0 

[0 0 0 8] 

[»WO*«SO»|Rl ^f§B^^"b<i, 6H,4H,3C^<OSiC 

H> ££ffc$*ifc&®*J&A1-&w tUJ:«3, SiC* 
***SiC]3l^«3, Wxli'GaN^O i -9 &feKOJ£$S B B B £'\ 
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[0009] v$ki&<r)WMi) inoi^i:, mm&m 

ZilspftltZtltzGHttcltm, 3C,15R^omiS B H B S i c 

<o iO»£\ H£3?®*S£fbLT®EfbSI£^»&U CI 
<7>SSfbH^I^*-f * ^ t ic J: •) Jcffico^fiKo^&^glf 

[ooio] zvym&s i c&^K^srtt-iiA ;o 

nSfiAU 7K3f^H$v*T-S i CiSl £*0&L 

lo o i i] soot: x-tmzntzs i 

fi(t-Ci^v^t N 2000l3J2JULU$re<b;h.£7-<' > h 

i: ^(Sv>*-^.JEc7)1x10-7TorrT-i, 1 ») ®V^^i£S60 

[0 0 12] iff)J:Ti:LtM?nfcMS iCS« 
SI® 1 Kf±> ^11:%^^** f osic^o%K(i^ 

S i C*®H^co^>^V >r**> K»i., tKSS 

[0 0 13] mz&fal 0*®^3C-SiC(111)HDXI±6H, 
4H-SiC(000V)®tC^lL.-r*^®(O^g-(C, H 2 C0« 

[001 4]j*f£t**<ojjt-&»i x noot;gffi<7)iaffija 50 
Lfci'ot, 1 0 0 o < cg,R^t-eiaK^*»f*£-g<o 

[0015] — sit7X^<7)$g-g-«i, 6oot;efio?a 
i m <o®& it , si #tKs? i: ki& l r ffi ^ ic ^ •>> ^ $ ix, 

^5e^*M**#t; < »o X oT 8 0 0 t;c7>i£JtT- S i C 40 
7rt f «fci/> 0 -ItUcftU ^HUi3v^T(i, 1 0 0 013 

[ooi6] Hsotttc, s«i tmmtfgbzwg. 
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[0 0 1 7] ##life<7>ff2S?><fc-jU, *|CJ:oT?- 
5 *4 h 2ft£S i CS«*®?rflJfflLT^M^f^1- 
»«£SffilO#E7lcJ3tt&ffis:f£fflli, tK 

OS'S £ AfDxk>*->t^fiii5 

lt^b1-*t#x«bH^>o 

[0018] tKSU J: -5 * - = *4 Y t tt; SiCSI 
mWfrb&T\<>i>.fr>w >y#> KK7R3I 

SttJc^C «t *) tt&zm&Z*tT L i btt < T *> J: 

Z> i t * f H^«c?S^*!>. <b ill*:-. ' 
[ 0 0 1 9 ] «S$-^^^)KtC-gc-t Z&mttftlE L ^ 

e ^ * -> ^ ;u^si 6 <o#M(cBfiS;i- * - 1 ^£>^-c* 

[0 0 2 0] *^Jfe0!lT*li S i C t LT, 3C-SiC(111) 

3C-SiC(001)iS, X<i a-SiC(1210)M^t t fc#55&T* 

^>o ■ . ■ ; •;. . ■ : 

[0 0 2.1] : (%m<r>mm2) mm&mmi xmMttz 

7X^^-5 *«< h S i C&m±iZ^ G aNi&BiS-jfcRS 
Hi-*^H-pV^TlEl5,^fflV>T|&gg-r* 0 . 
[0 0 2 2] h6H-SiC(0001) t 

L, iO^^ffiU. GaNiftfg^, M0CV 

SiG(0001)^I 1 0 ?rlS:fi-r^ 0 *«i£««r 100013 tc« 

ifU 7jc#^r^'jr**^.i:*(c h 7a (t 

MG) i3iO f T>*-T^tt*&i--5.o 

[0 0 2 3] -W^fttrj; t) v i&igTtc*^T)K^* 
ffO^y y Tl§(Dfmit?Tt>%fritc1)K 6H-SiC(0001) 
mm 1 2 (CGaN^^Bl^JR 1 l^TDif^vt^ 

[0 0 2 4] 6H-SiC(0001)Rffi^^ B B B O*l-SSiii 1 2 tfifc 

tO^-g-liSS^/c*, 100013<0&«i&JgT<O7K3fS£H^ 
TOG a NIKf^O^TT*(i, 6H-SiC(0001)Rffi=£- 9 
-5*4 h trv^TK^Ji^^^, GaNtO^Ml 2 
£ffML£o GaN(000l)B^ % ««<O6H-SiC(00O1)®± 
i:««LAfnif^->t h ixtz o Ga 
N^bII 1 t7K^^-5*4 KSiC^Sl Oli^LTiJ 
•9, GaN^f-n-xe^v + ^igJjgl 1 <7)^P(S^aF|iio 9 
cm- 2 WTT-*ot 0 CKOi^US i C^«(O6H-SiC(000 

D7K#^-5 7W h^ffii 2t;«t i), s ict> Afn 

ifj' + vt ^GaN^el t <75#BJi *)l>*f- tfWfo $ ft 
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X , # IB U J3 »t & ^ x D k:* * * v -V ^GaN$£ B B B <T> 
10 0 2 5) GaN(i^«R®tOp^»fflSf*fflU X •} * 

6H-SiC(0001) t D .x k: * * v ;PGaN(0001 ) Jiig^ 

•x * ;u m& < f££ ftT v»4 o #® Kis it £ ft A OSL 
tioMftU 12 , <K B$£ co/J> £ v ^ r a Jt kf * * v * * ft 
tkisjifet-tZo 10 

[0026] Rmi-^vy T-m*Mfcth^TU3-\± 

-JKD$Sm£. hSgEBBlcJ:. 

10 0 2 7] GaU&ytmttt'Or/H A*ltZJ£'f2>t: 
£>tC»;K *^tOSiei±nS!7{i J »t Lv> 0 SiCCDniMtlifllx. 20 

iCT-liG aN<0fiS;ft{CO(/»TlaWL7t^ A 1 x G a v 
In.N (x + y+z=l) ggtt, |B]«<7>J&g;6 f -e 

[0 0 2 8] ^HJSWT-liSH-SiCWOODHtro^^r^ 
fc7&*£.OBDi|S|^F03C-SiC(111)®, 4H^t#tf a-SiC 

o(oooi)®tco^r t*35i)T% MK'fl&<oK#ix.ti'3C-sic 

(OOI)IE, X<* B-SiC(1210)®«-C<)*^T*ofeo 

[0029] ::wsiCifiSi<oc^>^j>^ 
i o o >*»-c**itfiOTi jLtttaft«-t 

&G aNIi^el^fiBO^-^V^Ot^^o i-jlli, l'< 
fc^i-Jx«f#G aNi'S i CO«TlOC -(&ffc) ^> 

s-e#^.7t*t>T**o i Jtx 3 o^--t> >• i »)<h$v» 

^&<K l5fcA,fc*OCi::G a N^t50T*S i C± 

MOJBSR-Cli. 7K*<0iiJ^=Sr 3 0J-U10 0 > h 40 

LTV^o CO^SS^-S^.'f h«H£»d\ GaNJjE 

ft^B^Sr^x.*.! £KJ; IK i-C»=3K*$itTv»*G8 
N/S i C#H **JtSp*»«il?1- * 

m&tf&Zo &&m'px'GaN!8.&&m* 1 2 0 

fc*$M-*o t/c, GaN£ft3M=#aLLTfcGaN/SiC#lEf 

[0030] (ftttojgjR 3 ) s i ±k, s i c *mm 
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[0 0 3 l]16W9i:, 1x10-8Torr Ja±OffiKS 
TT*900t:Ja±S T*#?S U Hi fritZ HtzSi (001) (2x1) 
£*£1 3ili:> ><v tiff's KJ±2>£lx10-7TorrWT 

*4*«liU «Al«^«3R5i#*fflv»Tj||liaj=8kV,10 
0inA«8»*?-»*J!R»1-* £ t (C «t ^ftO^SJ 

&mmtxs\m®.wcm^mi£-tz>ztizi ik s\c/s\w 

m 1 4tm+l'^frX-&LX^Z&m%?r-MX$)&^-T 
[0 0 3 2] ^*>Ji§-g\ «-?-«^^(7)Sig®l 4^0 
i 1 3 li^#Ott»*«lt*: * S** »c#iS$^T 

[0 0 3 3] ■«^-ttO^3(f^)«»UJ:*±iE<0Si 
^«*tS 1 3 OSHfc&SU J: o Tf^fiS; £ JXTt^ir d i e 
9 * "> -V ;V^jfcSS? 1 5 11 % S i C/S i ^M7>^^ U^^T- 

[0 0 3 4] ±ie^fk$a : suiEv^rsi^i357'Ciejstc« 

tzixfzf x — fe LT, ^«iaSl050"CT' 

SiCScR-Sr^ft t ^-r nxe ^^-> * ;w#^ B B B SiC 

«riooAW±t-r^.i tUi 0, A&&¥tBOJMftjft* 
[0 0 3 5] :<OArDxe^*y-v)l,f^S'iCI 

i , 2<ort <mm-fz> 0 o* ^ s i csiw^it 

7KXUi "3 ^-5 ^•'T 1- U -?"<0±tc^Bg(7>il?4 v»G a 
N*S B l«rfi£«?-'i-*^ t* f T-#^,o -O^-g-li. tit 

[0 0 3 6] £ <blc, tf-i^t^jjti-iShft-H*. 
S4^^*i^tCov^Ti> ««<DSi<7)^§B*flJfflLT, 
S i*«±t:»*?ftfcGaNilllSr»HS*4iii: 

[0037] zommmm^^z, s i cnmn&otz 
&i.zttw<Dfemmim^tzWi-£it. mAmrnnm*'-' 

[0 0 3 8] Ht\ -($ffli-*Sift^(i(001), (111)t* 
^ibWlT-ttiT-io/:^ 0.05K^<5l OgSKfS 

[0 0 3 9] GaN»**?-<tiro^<>f X4r3B«i-4<: 
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j££ft4SiC^?oxfc-?*->^;ugM&nM3W£ L 

v^o siconH<t»«A<fN (mm) iY-x>r-rz>z. 

[0 0 4 0) (ftifcajgiGM) sift«±usic^-f 0^ 
* * v * ;u «« Sr. fifc* * * * SHbgf&SIS U o ir>T> 
»M«r#ltLTSrcO«fi5Srfi:«:«|»1-4*i5fe»=ov»T 
JtlfcOjgflU t LTBlWi-4-o 

I 0 0 4 1) 0 7 0»U, Si (001 )££ 1 3 <7)7##(2x1) 
$tMl 4C, Hl<OH3<ori <, 3C-SiC(001)ffil 

[0 0 4 2] 3C-SiC.(001)£El 6 IC, ^j£li, S i 1 

, 8 ICS i C 1 9 * JK^^Q-x JHftftS * 

7t 0 "f4^ -S-103C r SiC^rnxe^*->-v;up|)R 

1 9 OiftA^teli, 3C-SiC(111)Bfc&ofco 

[0 0 4 3] ?t)i:C<O.S i CI 9<9±i:> Ga:Nf6A 

2 i tj£gl-4o Aft&sctfti i o or-?*>4 0 s i 

CI 9<0&BDl±*S5*-5*>f h Sft/cCffii i^Tv 
4„ 

[0 0 4 4] i£02SO-^xnxb*5'^r-> + ^fiS;SSiC 

[0 0 4 5l.,Si(001)M<iSv»tcffifi ; -r4Si[n0]»H^' 
[6j£;fr1-4o <fcoT, dO^S5:3C-SiC(111)®<D^-r 
Dxe^ytJUi, 3EU*©«H2 0tC**S-<i-4 
#llx.li*GaN(0001)® 2 1 <753C-SiC(11 4#,«9 
Wfl-o^y- O x f ? ^ -> + y»T *>f Uffli-4 £ 

t**T'§*^T**4 e 

[0 0 4 6] (^isoff^ 5 ) mmwjtm 1 tkw l tz 

*v^^ffi«*$-tir4»'e-l-^rS&=5t, GaN«)27f 
■7'fiS:S«COV>TI^1-4o 
[0 0 4 7] £-flH8 0(a)0«m;!kSg*-S h £ 
iXtz&Wl 2**^-4**51 0 *GaN®:«MI*l(C^A 

L, 7 o o t; icing*: l h **f-)\>iry k>m (tmg) £ 

«*&"f4 0 K?-ISKOlv>GaI)jl2 : 2 S * 

OLfcS i CSICl«f4„ S i C&miCWttt 

[0 0 4 8] £<ob#, S^(itt«&-*-r, Wii*<»b.<r> 

SffcU (b)co«(CGaNg|M2 3 tc^-fb $ -*Jr 4 o 
[0 0 4 9] £<blch'; ^fW^AtT^t-TO 

(c)U^i-«td(C> GaNSI24il 0 
0 0 A8*«IW4-P**S*.4. £Of$fM£*L*G 
aNII2 4 rf^NA Kfftft ttoO».4t*»T*4: 

[0 0 5 0] 1 0 0 0t:u±#S-e\ 

■C, GaNgRoft AttWtU UEAgJStffcfSAft L (d) 
Oil: Iff at d x e ^ •> + J^gi G a Nl 2 5 
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tfWhix&o *«i£J£l 0 0 OtTJftatiGaNSMHi 
x 9 * v ^ ;i-GaNi*R/i* A« L . 

[o.o5i] •^mmmm'D 2^7 jh&a 

4rv + ;UfiScftL/cSiC?rfflv»/c*i-g-T-<)^T-*4o 3C- 
SiC(OOl)®, 3C-SiC(11l)®, «-SiC(0001)M> 35^14 
*bO»Affi«^v»T<>*a"C*4. 

[0 0 5 2] (HlftO®aS6) LT^-f-V* 
10 > KtIv>A*^»:-3V>TRWt4. . 

[0 0 5 3] i9tf)J: -5 \,zir^^^> KJMftA£4E2 6 
£fl§V>T* -?-<75SE®2 7tCSiC*gA2 8iAfnxt: 
**->*A<J*ftfc-frt\ £OSiCgffi2 : 9^7R#^-5 

[0 0 5 4] "Y* > K±<DSiCWs-f ox 
A-^JjScJIti,. 2£j££l 0 5 0t:jc*P^L; SiiC&gig 

□ x e * * -> * i cmm<D!$,&&minM<o&m 3 <o 

20 [0 0 5 5] i*?*^ KRKUJBrtSfLfcSiC* 
RSER.K* ffl&tfGaNSR 3 0 ^HtfeO^S 2 * li 5 
<7? i ^ i:^f nxc> + y t ^SS^^/c iw^i'-V 

■?*■•>, KOgie*^**S i UJt-^T- 

*rJ£ILt»v»fc*i>»::, 'W<7.-»flMcjri,Tv»4o £ii 
li, m >f 7 -mmzft -jS&fgifc i'W K&«**$!i 
sp»KjS*»-f£i:* t a*4fe*T*«.- ifc, 
> K#»A36«**^-f KO#$g B B B (7>S«-Ct*a 
•C*4£i:^iSKL^ 0 
50 [0 0 5 6] $<btc, |1 OOiTi:, SiglS3 1±U 

tt^« $ titz yj^fs vmm z 2 , xti ^ * > v& 

[0 0 5 7] SiS^±AOA-rnaLk'**->^;t,j&;K 
li> Si^«3 1 ±(c5fei;SiCSim3 3 L-f-OSH 

Dif^vt ArftRdW «b *L/wo £ <0Ji-&C0SiC<0Si 
SSlAf) ^7- Dxe^v-n ^fi£*li^*feOf^ 3 f 

40 [0 0 5 8] KOfifegJi, vOn^CVD 

**^/Sr4000PaSJS<Off*-ei10sccmSiEL-7'f ^ D^^'^ 
-SOOWf^RL/Co Z<7)iis&(Ogi®Li&.mii8 5 0 "CSflE 

[0 0 5 9] (^iSOff^. 7 ) HtfeOtm 6 Tifi^Ttll 

i i <Df<< ^-=e> KS«^®3 4<r>gtmy>y>) >y# 

50 v^^f^* > KJMJfVfe, <Wx.JfGaN»R3 50xt* 
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[0 0 6 0] oil?, KJMSJMJMiu 4 Ttti 

(tfJxCt'Sig&fri:') ^ICK^ntf-f 
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